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LABORATORY FOR THE STUDY OF SPACE RADIATION EFFECTS 

Ry D r .  John E. Duberg* and Ernanuel Rind** 

INTRODUCTION 

The Langley Research Center of NASA, because of i t s  programs 
involving space vehicles  and t h e  equipments therein,  has had a spec ia l  
i n t e r e s t  i n  t h e  space environment insofar  as it influences t h e  design 
of space vehicle systems. O f  t h e  many h o s t i l e  aspects of t h i s  environ- 
ment, perhaps t h e  most s ign i f icant  is  the p a r t i c u l a t e  radiat ion asso- 
c ia ted  with cosmic rays, s o l a r  f l a r e s ,  and t h a t  magnetically trapped 
near t h e  ear th  i n  t h e  rad ia t ion  b e l t s .  The Langley Research Center i s  
now constructing a Space Radiation Effects Laboratory f o r  the  purpose 
of simulating t h e  p a r t i c u l a t e  space radiat ion environment and by t h i s  
means providing t h e  means by which t h e  t e s t s  and fundamental s tud ies  
can he made i n  t h i s  problem area.  

W Y  OF THE SPACE PARTICULATE RADIATION 

A b r i e f  summary of our knowledge of f l u x  and energy l e v e l  of par- 
t i c u l a t e  rad ia t ion  i n  space i s  given i n  t a b l e  

TABLE I.- SUMMARY OF THE PROTONS AND EWCTRONS I N  SPACE 

PROTONS 

Low energy High e n e r a  

30 Mev < E < 700 Mev 

F ~ W  = 2 - 4 x 104 p/cm2/sec 

120 Kev < E < 4.5 Mev 

F ~ U  = 108 p/cmZ/sec 

* 
** Technical Assistant t o  t h e  Associate Director LRC. 

Aerospace Technologist. 
'T. Foelsche. Radiation Doses i n  Interplanetary Fl ight .  Presented 

a t  t h e  Ninth Annual American Astronautical Society Meeting of t h e  I n t e r -  
planetary Missions Conference, Jan. 15-16-17, 1963 at  Los Angeles, 
Cal i forn ia  . 

2L. R .  Davis, and J. M. Williamson. Trapped Protons and Electrons 
Between Two and Twelve Ear th ' s  Radii. Presented a t  Symposium on 
Explorer XII, NASA Goddard Space F l ight  Center, Greenbelt, Maryland, 
Jan. 1962. 
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In t ens i ty  can vary by a f ac to r  of 2 t o  3 with s o l a r  a c t i v i t y .  

SOLAR FLARES 

Low energy High energy 

E < 40 Mev 

Flux = lo5 - 10 6 protons/cm2/sec 

E 4 10 Bev 

ELECTRONS 

Low energy High energy 

110 Kev < E < 1.6 Mev 

F ~ W  < 108 e/cmP/sec 

1.6 Mev < E < 5 Mev 

F ~ U  < 105 e/cmP/sec 

E > 10 Kev E > 5 Mev 

F ~ W  = 109 e/cm2/sec F ~ U  < 103 e/cm'/sec 

Flux can vary by a f a c t o r  of 50 t o  100 with s o l a r  a c t i v i t y .  

Table I summarizes da t a  obtained i n  space f l i g h t  through Explorer XII. 
It does not include t h e  changes caused by a high-al t i tude nuclear detona- 
t i o n  i n  1962. The high-energy protons a re  general ly  encountered i n  t h e  
inner  radiat ion region a t  about 10,000 kilometers from t h e  e a r t h ' s  ten- 
t e r  whereas t h e  low-energy protons a re  found between 20,000 and 
30, 000 kilometers. 

The m a x i m u m  i n t e g r a l  energy f l u x  of t h e  s o l a r  f l a r e s  var ies  between 

By far, t h e  l a r g e s t  number of these  protons have energies some- 
lo5 t o  lo6 protons/crn*/sec with energies ranging from Kevs t o  about 
10  Bev. 
what l e s s  than one Bev. 

The na tura l  b e l t  e lec t rons  have t h e i r  highest  i n t e n s i t i e s  (between 
and lo9 e/cm2/sec) at about 16,000 t o  27,000 kilometers as measured 8 10 

from the e a r t h ' s  center .  The e lec t rons  of t h e  manmade b e l t  had measured 
peak in t ens i t i e s  g rea t e r  than 109 e/cm2/sec and occurred a t  about 
10,500 kilometers. 
occurring electrons extend from a few Kev i n t o  t h e  Mev range. 

The energies of both t h e  manmade and na tu ra l ly  



MEANS FOR SIMULATING THE SPACE RADIATION ENVIRONMENT 

A s  t h e  previous summary of t h e  space environment indicates ,  a 
f a c i l i t y  which can produce protons from low energies t o  energies below 
a Bev and electrons from t h e  Kev range t o  10 Mev with s u i t a b l e  f luxes 
would simulate most of the  known space par t icu la te  radiat ion.  I n  order 
t o  avoid years of development time i n  es tabl ishing t h e  laboratory, it 
w a s  decided t o  dupl icate  an ex is t ing  proven, proton acce lera tor  design 
which had the  desired energy and f l u x  capabi l i ty .  The choice based on 
a v a i l a b i l i t y  w a s  narrowed t o  frequency-modulated cyclotrons and a l t e r -  
nating gradient synchrotrons. The synchrocyclotron w a s  chosen because 
i t s  ex terna l  f l u x  w a s  adequate f o r  our purposes, whereas t h e  external  
f l u x  of t h e  synchrotron machine w a s  lower by about two orders of magni- 
tude. Considerations of down time, beam extract ion,  and o v e r a l l  proven 
r e l i a b i l i t y  were addi t ional  f a c t o r s  i n  favor of t h e  synchrocyclotron. 

There are four  synchrocyclotrons i n  t h e  world with energies of 
The two behind t h e  i ron  cur ta in  were not about 0.6 Bev o r  grea te r .  

considered. The o ther  two are  t h e  machine a t  Berkeley, Cal i fornia  
(0.76 Bev) and t h e  machine a t  CERN, Geneva, Switzerland (0.6 Bev) . 
CERN machine w a s  designed from i t s  concept f o r  its s t a t e d  energy and 
incorporated t h e  most modern ideas of the day. The Berkeley machine 
has been redesigned and a l t e r e d  t o  bring it up from i t s  i n i t i a l  lower 
energies t o  i t s  present l e v e l  and any design improvements of it and 
other  ex is t ing  accelerators  were considered i n  t h e  design of t h e  C E R N  
machine. 
and f l u x  requirements, and had a very good operat ional  his tory,  it w a s  
chosen. 

The 

Since t h e  CERN machine w a s  the  most modern, m e t  t h e  energy 

The e lec t ron  requirements were s a t i s f i e d  by a Dynamitron with a n  
energy range from about 500 Kev t o  3 Mev and l i n a c  from 2 t o  16 Mev. 
The l i n a c  has provision f o r  extending the energy range t o  30 Mev. 

PLAN OF THE SPACE RADIATION EFFECTS LABORATORY 

The f l o o r  plan of t h e  Space Radiation Effects  Laboratory i s  
divided i n t o  t h r e e  major areas as shown i n  f i g u r e  1. 
experimental t e s t  and beam handling area, t h e  t e s t  setup area, and the  
support building. The experimental t e s t  and beam handling area consis ts  
of two independent t a r g e t  areas, t h e  electron accelerator  caves with 
t h e i r  t a r g e t  areas,  t h e  proton accelerator cave, and t h e  magnet h a l l  
which w i l l  contain t h e  beam transport  and handling f o r  t h e  proton accel- 
e r a t o r .  The two t a r g e t  areas a r e  about 37 by 26 f e e t  each and these 
dimensions may be changed by moving t h e  w a l l s .  

These a r e  t h e  

One t a r g e t  area i s  
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arranged f o r  receiving a combined electron and proton beam. 
space has been allowed around the  accelerators  t o  permit ready access 
and normal maintenance without the  inconvenience of moving shielding. 
Very large t a r g e t s  may be i r r a d i a t e d  by piping t h e  beam d i r e c t l y  down 
t h e  magnet h a l l  t o  an external ly  setup t e s t  area.  The shielding w a l l s  
are about 17 t o  24 f e e t  th ick  and where short  p a r t i c l e  l i fe t imes  and 
space requirements d ic ta te ,  heavy concrete and/or s t e e l  w a l l s  a re  used. 
Overhead shielding i s  provided t o  reduce undesired rad ia t ion  e f f e c t s  
from above. The proposed physics t e s t  areas  w i l l  be s o  i s o l a t e d  as t o  
give low background radiation, thus permitt ing the  performance of very 
refined experiments. The proposed neutron-meson area w i l l  be adjacent 
t o  the cyclotron cave separated by a r e l a t i v e l y  t h i n  s t e e l  and heavy 
concrete w a l l .  The t e s t  setup area allows setups and measurements t o  be 
made without disturbance p r i o r  t o  i n s t a l l a t i o n  i n t o  t h e  t a r g e t  areas .  
Large v e r t i c a l  l i f t  doors separate t h e  t a r g e t  a rea  from the  setup area. 
The dimensions of t h e  experimental t e s t  and setup areas  a re  approximately 
240 fee t  by 143 f e e t  covering a f l o o r  a rea  of approximately 33,000 sq  f t .  

Suff ic ien t  

A sect ion view of t h e  Experimental Building, taken through t h e  
synchrocyclotron cave, i s  shown i n  f igure  2. The two 25-ton capacity 
crane hooks service t h e  accelerator  caves, t e s t  setup area, and t a r g e t  
areas.  
various experimental areas and support building. 

The u t i l i t y  tunnel  w i l l  contain t h e  e l e c t r i c a l  cables t o  t h e  

The support building i s  located next t o  t h e  setup area which sepa- 
r a t e s  it from t h e  experimental t e s t  area.  It consis ts  of two f l o o r s  and 
a basement and w i l l  contain t h e  control  room and monitoring system f o r  
t h e  accelerators,  laboratory space, shop f a c i l i t i e s ,  o f f i c e  space, 
counting areas, e t c .  
of approximately 21,000 square f e e t  . 

I t s  s i z e  i s  168 by 71 f e e t  with a t o t a l  f l o o r  area 

An a r c h i t e c t ' s  rendering of t h e  Space Radiation Effects  Laboratory 
i s  shown i n  f i g u r e  3. The s i t e  of t h e  laboratory i s  located i n  t h e  
c i t y  o f  Newport News, Virginia, within 10 m i l e s  of t h e  Langley Research 
Center. The s i t e  contains approximately 100 acres.  

PROTON IRRADIA!TION SYSTEM 

Dimensions and Capabi l i t i es  

The C E R N  accelerator  which i s  t h e  b a s i s  of t h e  SREL acce lera tor  i s  
a 600-Mev frequency-modulated synchrocyclotron with a magnet weighing 
about 2,500 tons.  
and 20 f e e t  high. 

It i s  approximately 36 f e e t  wide, 21.3 f e e t  deep, 
The magnet gap v a r i e s  from 17.7 inches i n  t h e  center  
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t o  14.7 inches a t  t h e  outer  edge.3 
333 t u rns  each of rectangular,  hoiiow aiuminum, are water cooled and 
operate  at about 1 .2  x lo6 ampere turns .  

The magnet c o i l s  a r e  made of about 

The radio-frequency system uses a water-cooled tuning-fork modula- 
t o r  which modulates t h e  r-f frequency between 29 and 16.5 megacycles at 
55 cps with Dee voltages varying from 6 k i lovo l t s  t o  25 k i lovo l t s .  4 

The vacuum system using two rou hing and two 32-inch o i l  d i f fus ion  
pumps provides a vacuum of about 10-f T o r r .  

The ion source i s  a cold cathode type which receives  a 1,000-volt 
d.c. pulse  a t  the  r e p e t i t i o n  frequency o f  t h e  radio-frequency system 
and at  a control lable  phase. 

The i n t e r n a l  beam current  i s  over 0.3 microamp and t h e  ex t rac t ion  
e f f i c i ency  i s  ab0r.t 10 percent - 

BEAM TRANSPORT SYSTEM 

The beam system w i l l  have at  l e a s t  two ex t rac t ion  systems a t  
600 and 180 Mev u t i l i z i n g  peeler-regenerator magnetic channel def lec-  
t o r ~ . ~  
10l1 protons/sec with an energy spread l e s s  than p lus  or minus 1 percent.  
A proton beam t ranspor t  system designed t o  handle 10l2  protons pe r  second 
a t  t h e  above energy conditions sha l l ,  i n  addition, be capable of 
de l iver ing  continuously var iab le  energy from 600 Mev t o  at l e a s t  
100 MeV with a beam f l u x  of not less than 1O1O protons pe r  second and 
an energy spread of not more than plus  o r  minus 5 percent.  
s i t y  d i s t r i b u t i o n  over t h e  t a r g e t  w i l l  be l e s s  than p lus  o r  minus 
5 percent  and t h e  beam area a t  t h e  t a rge t  w i l l  be continuously var iab le  
from 15 cm2 t o  900 cm2. 
t h a t  p a r t i c l e s  o ther  than protons w i l l  not reach t h e  t a r g e t .  The means 
f o r  doing t h i s ,  shown i n  f igure  4, w i l l  be t o  t r i m  t h e  proton beam with 

Synchro-Cyclotron Division, Jan.  14, 1955. 

F. Krienen, t h e  CERN 600 MeV Synchrocyclotron a t  Geneva, P h i l l i p s  
Technical Review, V o l .  22, 1960/61, No. 5, March 1961. 

?Feas ib i l i t y  Study of t h e  Procurement of a 600 Mev Synchrocyclotron 
on an Accelerated Schedule f o r  t h e  NASA. W i l l i a m  M. Brobeck & Assoc. 
Report No. 2OO-90-1-R3, Nov. 8, 1961. 

The ex terna l  beam del ivered t o  the  t a r g e t  w i l l  be 

The inten-  

The t ranspor t  system w i l l  clean t h e  beam so 

b e n g t  Hedin, Design of CERN Synchro-Cyclotron Magnet, CERN 55-3, 

4 W .  Gentner, K. H. Schmitter, S. Kortleven, B. Boll&e, and 
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a collimator and focus with a p a i r  of quadrupole magnets a t  t h e  cyclo- 
t r o n  e x i t .  The beam w i l l  then be refocused by la rge  aperture quad- 
rupoles at foca l  points  along t h e  t a r g e t  path. A bending magnet i n  t h e  
cyclotron room i s  used t o  switch the  beam i n t o  t h e  magnet h a l l  oi' t h e  
proposed proton area without destroying t h e  qua l i ty  of the  beam. A 
degrader i s  then used as required t o  reduce t h e  energy of t h e  beam. 
The energy spread of t h e  degraded beam i s  reduced by a coll imator and 
t h e  proton beam i s  def lected i n t o  a t e s t  area by a bending magnet- 
quadrapole-collimator s e t .  The neutrons produced i n  t h e  degrader a r e  
not deflected and are l o s t  i n  t h e  magnet room. The proton beam con- 
t inues i n  i t s  magnetic channel, i s  f u r t h e r  degraded as needed, refocused, 
recollimated t o  reduce energy spread, and proceeds t o  i r r a d i a t e  t h e  
ta rge t .  This system w i l l  be one of t h e  most advanced beam handling 
systems representing t h e  appl icat ion of t h e  l a t e s t  theor ies  and tech- 
niques avai lable  i n  achromatic beam transportat ion.  Also avai lable  w i l l  
be beam stops, a beam c l ipper  t o  absorb those p a r t s  of the  i n t e r n a l  beam 
t h a t  have obtained excessive v e r t i c a l  o s c i l l a t i o n ,  and a beam chopper 
which w i l l  enable t h e  operator t o  vary t h e  beam from zero t o  a maximum. 

The i n t e r n a l  t a r g e t  systems, shown i n  f i g u r e  5 ,  w i l l  consis t  of a 
probe t a r g e t  f o r  posit ioning t a r g e t s  a t  d i f f e r e n t  r a d i i  i n  one azimuth. 
A universal  t a rge t ,  t r o l l e y  mounted, f o r  posi t ioning t a r g e t s  a t  various 
r a d i i  and azimuths, and eight  f l i p  t a r g e t s  f o r  producing neutrons cor- 
responding t o  proton energies from 110 t o  600 MeV. 
being made f o r  i n s t a l l i n g  vibrat ing t a r g e t s .  

Provision i s  a l s o  

THE ELECTRON ACCELERATION SYSTEM 

Description and Capabi l i t i es  

Two electron accelerators  w i l l  be ava i lab le .  One a Dynamitron 
w i l l  have an energy range of 0.5 t o  3 Mev with a beam current var iab le  
from 1 microamp t o  10 milliamps. Capabili ty w i l l  e x i s t  f o r  scanning 
t h e  beam from 7 t o  12 cycles per  second over a 24-inch length and pro- 
vision w i l l  be made f o r  switching t o  a p o s i t i v e  ion  source. The o ther  
accelerator,  a l inac,  w i l l  have an energy range from 2 t o  10 Mev with 
provision f o r  extending t h e  energy t o  30 Mev. 
current w i l l  be continuously var iable  from zero t o  about 230 microamps 
a t  3 and 10 MeV and about 1,000 microamps a t  7 Mev with t h e  intermediate 
energies having l i n e a r l y  corresponding current  values. The beam pulse  
length w i l l  vary continously from 0.1 t o  6 microseconds and stepwise 
t o  a pulse length of 0.01 microsecond. 
have a r i s e  time of 5 nanoseconds, a durat ion of 10 nanoseconds, and a 
decay time of 5 nanoseconds. 

The average d.c .  beam 

The 0.01-microsecond pulse  w i l l  

The pulse  r e p e t i t i o n  rate w i l l  be 
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continuously var iab le  from 10 t o  720 pulses pe r  second. 
operation w i l l  a l so  be avai iabie .  

Single pulse 

THE EUCTRON BEAM TRANSPORT SYSTEM 

The e lec t ron  beam t ranspor t  system w i l l  carry t h e  e lec t ron  beam t o  
t a r g e t s  i n  t h e i r  respect ive areas  and also t o  a proton t a r g e t  area where 
a t a r g e t  may be i r r a d i a t e d  with both electrons and protons. The system 
w i l l  accept e lectrons from 1 t o  16 MeV with an energy spread of plus  o r  
minus 3 percent.  
e lec t ron  beam at  t h e  proton t a r g e t  with an energy spread of plus  o r  
minus 1/2 percent f o r  a l l  energies accepted by t h e  system. 
a rea  at t h e  t a r g e t  w i l l  be continuously var iab le  from 1 t o  900 square 
centimeters. 
X-rays using t h e  e lec t ron  beam. A schematic of t h e  e lec t ron  beam 
t ranspor t  i s  shown i n  f igu re  6. Since the  systems f o r  t h e  Dynamitron 
and t h e  l i n a c  a re  almost i den t i ca l ,  t h e  one f o r  t h e  l i n a c  w i l l  be 
described. The e lec t ron  beam i s  f ed  through a p a i r  of quadrupole 
lenses,  thence through a s c a t t e r e r  and bending magnet. A l l  bending 
magnets a re  equipped with magnetic induction probes f o r  monitoring t h e  
f i e l d s .  I f  t h e  beam i s  bent, it then passes through a quadrupole lens,  
a bending magnet, a p a i r  of quadrupoles, a s c i n t i l l a t i o n  screen, 
secondary emission probe i n t o  t h e  t a rge t  t e s t  chamber. 
not bent, it proceeds through a valve sect ion beyond which it can be 
stopped by a remotely control led beam stopper. 
it continues through a quadrupole pa i r ,  bending magnet, quadrupole, 
bending magnet, quadrupole pa i r ,  t o  a s c i n t i l l a t i o n  screen where it can 
be monitored. 
Dynamitron beam t ranspor t  which may o r  may not be ac t iva ted  f o r  focusing. 
The beam i s  then bent, channeled through another valve sect ion,  through 
a p a i r  of quadrupoles, through collimators, de tec tors ,  i n t o  a Helmholtz 
co i l ,  t o  t h e  proton t a r g e t  t e s t  chamber. 

A magnetic energy analyzing system will produce an 

The beam 

Capabili ty w i l l  e x i s t  f o r  producing neutron beams and 

If t h e  beam i s  

I f  it i s  not stopped, 

It then passes through some of t h e  elements of t h e  

TIE TARGET CIIAMBEBS 

Three t e s t  chambers will be provided which w i l l  be r i g h t  c i r cu la r  

Torr  with a t  least one going t o  10-9 Torr.  The s i z e  of t h e  cham- 
cy l inders  5 f e e t  i n  diameter by 3 f e e t  high with vacuum capabi l i ty  of 

b e r s  makes possible  combined environmental parameter t e s t i n g  such as 
rad ia t ion ,  pressure, and temperature. Water-cooling and e l e c t r i c a l  
connections w i l l  e x i s t  f o r  t h e  t a rge t s .  
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OPERATION OF LABORATORY 

The t e n t a t i v e  operat ional  plan f o r  t h e  SREL provides f o r  W i l l i a m  
and Mary, t h e  University of Virginia,  and Virginia  Polytechnical 
I n s t i t u t e  organized as t h e  Virginia  Associates Research Center (VARC), 
t o  supply t h e  operat ional  personnel f o r  SREL. The pa r t i c ipa t ing  univer- 
s i t i e s  of VARC w i l l  a l s o  e s t ab l i sh  a bas i c  physics research program 
sponsored by government grant, industry grants ,  o r  s e l f - i n i t i a t e d .  
Other i n s t i t u t i o n s  requir ing a f a c i l i t y  with t h e  ava i lab le  high-energy 
capabi l i ty  f o r  bas ic  research of SREL can cooperate with VARC. Pro- 
grams f o r  acce lera tor  improvement and development may a l so  be under- 
taken by VARC. 
applications,  and basic research phases associated with t h e  space 
environment. Other NASA labora tor ies ,  government agencies, and industry 
under NASA contract  can pa r t i c ipa t e  through t h e  Langley Research Center. 

The Langley Research Center w i l l  conduct t h e  engineering, 

RESEARCH PROGRAM 

The research program t o  be conducted a t  t h e  Space Radiation Effec ts  
Laboratory w i l l  include device t e s t ing ,  dosimetry, materials s tudies ,  
sensor development, shielding s tudies ,  environmental contamination by 
rad ia t ion  i n  a closed ecology, sput te r ing  phenomena, act ivat ion,  radio- 
b io logica l  research, hea l th  physics, bas ic  physics, and, i n  general, 
inves t iga t ion  of problems and damage induced by space rad ia t ion .  NASA, 
Langley Research Center, i n  an t i c ipa t ion  of t h e  a c t i v i t i e s  of SREL has 
been developing i t s  program of inves t iga t ion  and research i n  t h e  area 
of the  e f f e c t s  of p a r t i c u l a t e  rad ia t ion .  The program has made use of 
a number of  f ixed  energy ex is t ing  acce lera tors ,  covering t h e  range from 
22 t o  440 Mev, at u n i v e r s i t i e s  i n  t h e  United S ta t e s  and Canada as wel l  
as nat ional  labora tor ies  i n  t h e  United S ta t e s .  To car ry  on these  inves- 
t i ga t ions  and i n  preparing f o r  those at SREL, t h e o r e t i c a l  and experi- 
mental work has been done i n  device tes t ing ,6)7 ,8  d ~ s i m e t r y , ~  materials 

Effects of 22 Mev and 240 Mev Protons on Several  Trans is tors  and Solar  
Cel ls .  NASA TN D-718, 1961. 

Paper presented at t h e  Symposium on Pro tec t ion  Against Radiation 
Hazards i n  Space. Gatlinburg, Tennessee, Nov. 5-7, 1962. 

400 MeV Protons on Trans is tors .  

NASA TN D-1267, 1962. 

6w. C.  Hulten, W .  C.  Honaker, and J. L. Pat terson.  I r r a d i a t i o n  

7W. C .  Honaker. The Effec ts  of Protons on Semi-Conductor Devices. 

8w. C .  Honaker, and F. R. Bryant. 

9T. Foelsche. 

I r r a d i a t i o n  Effec ts  of 40 and 
NASA TN D-1490, 1963. 

Current Estimates of Radiation Doses i n  Space. 
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studies," acd basic s tudies  on semiconductor materials. 
are being m a d e  dynamically i n  beam as well as out of beam. 
strahlung experiment f o r  various electron energies and z numbers i s  
current ly  underway. An ioniza t ion  chamber and calor imetr ic  technique 
f o r  making beam measurements are being present ly  evaluated and radia- 
t i o n  e f f e c t s  on polymers and elastomers as  w e l l  as shielding s tudies  
have been in i t ia ted .  To carry on these  inves t iga t ions  as w e l l  as t o  
prepare f o r  those at t h e  SREL, t o o l s  f o r  measuring damage and analyzing 
rad ia t ion  e f f ec t s ,  which w i l l  include infra-red,  e lec t ron  paramagnetic 
and nuclear magnetic resonance, X-ray, mass and o ther  spectroscopes, 
a r e  being acquired and developed. 
I n s t i t u t e  f o r  experimental work u t i l i z i n g  a high-energy e l ec t ron  accel-  
e r a t o r  have expanded t h e  work e f f o r t  within t h e  program. 
f o r  work on t h e  e f f e c t s  of electrons,  neutrons, gamma, and protons on 
semiconductor materials. 
ana lys i s  of primary r e c o i l s  produced by high-energy e lec t ron  irradia- 
t i o n  on semiccnciuctcx materials. Contractual e f f o r t  has a l so  included 
a t h e o r e t i c a l  study of damage versus proton energy'' and an experimental- 
t h e o r e t i c a l  inves t iga t ion  of neutron-proton damage cor re la t ion .  

Measurements 
A brems- 

Two grants  t o  Rensselaer Polytechnical 

One grant  i s  

The o the r  i s  an experimental study f o r  t h e  

12 

CONCLUDING REMARKS 

The primary purpose of t h e  Space Radiation Effec ts  Laboratory i s  
t o  provide a f a c i l i t y  i n  which invest igat ions simulating t h e  space 
environment can be performed and t h e  r e su l t s  used t o  increase t h e  
r e l i a b i l i t y  and safe ty  of spacecraf t  and space missions. A s  t h e  pro jec t  
has evolved, t h e  Laboratory w i l l  serve a broader purpose. I n  one capac- 
i t y ,  it w i l l  support an engineering research program aimed at  increasing 
t h e  r e l i a b i l i t y  and safe ty  of spacecraft  and missions. I n  t h e  other, 
it w i l l  provide our  u n i v e r s i t i e s  and colleges with t h e  instruments by 
which they can conduct bas i c  research i n  high-energy physics and thereby 

'OT.  G. James. Effect of Electron I r r a d i a t i o n  on t h e  Mechanical 
Paper pre- Proper t ies  of a Composite F o i l  f o r  In f l a t ab le  S a t e l l i t e s .  

sented at  t h e  Symposium on Protect ion Against Radiation Hazards i n  
Space. 

"D. M. Arnold, J. A. Baicker, e t  a l .  Proton Damage i n  Semi- 
conductor Devices. NASA, Langley Theoretical  Study Contracted t o  RCA, 
Camden, New Jersey.  Report due Feb. 1963. 

Correlat ion i n  Semi-Conductors. Report completed under NASA, Langley 
Contract No. NASl-1595, June 1, 1962. 

Gatlinburg, Tennessee, Nov. 5-7, 1962. 

l2J. R. Belinski,  E. H. Brooks, e t  a l .  Proton-Neutron Damage 
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expand t h e i r  graduate education program i n  t h i s  and o ther  r e l a t ed  
f ie lds .  Thus, by providing a f a c i l i t y  i n  which both these  endeavors 
can be conducted, two v i t a l  needs are simultaneously f u l f i l l e d .  
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